Introduction
General Relativity is sometimes described as the flagship of Mathematical Physics. The study of the mathematical properties of the solutions to the equations of General Relativity ⎯the Einstein field equations⎯ has experienced a great development in recent years. Work in this area has been based on a systematic use of the so-called initial value problem for the Einstein field equations. As such, it requires the use of ideas and techniques from various branches of Mathematics ⎯especially Differential Geometry and Partial Differential Equations (elliptic and hyperbolic). Current mathematical challenges in the area include the analysis of global existence of solutions to the Einstein field equations, the uniqueness of stationary black holes, the non-linear stability of the Kerr spacetime, and the construction of initial data sets of geometrical or of physical interest.
Objectives
The main objective of the course is to provide a discussion of General Relativity as an initial value problem. In addition, the course will serve as an introduction to applied methods of Differential Geometry and Partial Differential Equations. It is expected that at the end of the course the student will have a good overview of the main ideas and methods of modern mathematical General Relativity.
Topics to be covered
i.
Review of the key ideas of General Relativity and the vacuum field equations. ii.
Selected topics of Lorentzian and Riemannian Differential Geometry including embeddings and submanifolds, intrinsic metrics, extrinsic curvature, Gauss-Codazzi and Codazzi-Mainardi equations.
iii. The constraint equations of General Relativity including selected topics of elliptic PDE theory.
iv.
The evolution equations including selected topics of hyperbolic PDE theory. v.
Time independent solutions to the Einstein field equations. vi.
Energy and momentum in General Relativity.
Keywords
Initial value problem in General Relativity, initial data sets, evolution equations, static and stationary solutions, mass in General Relativity.
Prerequisites
A first course in General Relativity that discusses the Schwarzschild spacetime. Acquaintance with the basic notions of Differential Geometry will also be of advantage.
Format:
The format of the course will be that of a traditional mathematical blackboard course. The course will be based on personal notes on the above topics. A typesetted version of the notes will be provided. Four problem sheets will be handed out, and solutions provided.
Bibliography:
If required, a good general introduction to modern General Relativity is given in 
